OBJECTIVE Outpatient anterior cervical discectomy and fusion (ACDF) is becoming more common and has been reported to offer advantages over inpatient procedures, including reducing nosocomial infections and costs, as well as improving patient satisfaction. The goal of this retrospective study was to evaluate and compare outcome parameters, complication rates, and costs between inpatient and outpatient ACDF cases performed by 1 surgeon at a single institution. METHODS In a retrospective study, the records of all patients who had undergone first-time ACDF performed by a single surgeon in the period from June 1, 2003, to January 31, 2016, were reviewed. Patients were categorized into 2 groups: those who had undergone ACDF as outpatients in a same-day surgical center and those who had undergone surgery in the hospital with a minimum 1-night stay. Outcomes for all patients were evaluated with respect to the following parameters: age, sex, length of stay, preoperative and postoperative pain (self-reported questionnaires), number of levels fused, fusion, and complications, as well as the presence of risk factors, such as an increased body mass index, smoking, and diabetes mellitus. RESULTS In total, 1123 patients were operated on, 485 (43%) men and 638 (57%) women, whose mean age was 50 years. The mean follow-up time was 25 months. Overall, 40.5% underwent 1-level surgery, 34.3% 2-level, 21.9% 3-level, and 3.2% 4-level. Only 5 patients had nonunion of vertebrae; thus, the fusion rate was 99.6%. Complications occurred in 40 patients (3.6%), with 9 having significant complications (0.8%). Five hundred sixty patients (49.9%) had same-day surgery, and 563 patients (50.1%) stayed overnight in the hospital. The inpatients were older, were more commonly male, and had a higher rate of diabetes. Smoking status did not influence the length of stay. Both groups had a statistically significant reduction in pain (expressed as a visual analog scale score) postoperatively with no significant difference between the groups. One-and 2-level surgeries were done significantly more often in the outpatient setting (p < 0.001). The complication rate was 4.1% in the outpatient group and 3.0% in the inpatient group; there was no statistically significant difference between the 2 groups (p = 0.339). Significantly more complications occurred with 3-and 4-level surgeries than with 1-and 2-level procedures (p < 0.001, chi-square test). The overall average inpatient cost for commercial insurance carriers was 26% higher than those for outpatient surgery. CONCLUSIONS Anterior cervical discectomy and fusion is safe for patients undergoing 1-or 2-level surgery, with a very significant rate of pain reduction and fusion and a low complication rate in both clinical settings. Outpatient and inpatient groups undergoing 3-or 4-level surgery had an increased risk of complications (compared with those undergoing 1-or 2-level surgery), with a negligible difference between the 2 groups. This finding suggests that these procedures can also be included as standard outpatient surgery. Comparable outcome parameters and the same complication rates between inpatient and outpatient groups support both operative environments.
A nterior cervical discectomy and fusion (ACDF) is considered the gold standard for many degenerative diseases of the cervical spine because of its relative simplicity, minimal risk, and reliability. 8 It was first described by several authors in 1958 5, 31 and has become established as one of the most common spine procedures. A recent population-based observational study revealed a steady increase in cervical spine surgeries in both inpatient and outpatient settings. 3 The increasing interest in cost-saving strategies has shifted many medical procedures to outpatient and ambulatory surgery centers.
1 Ambulatory surgery comprised 9% (5.6 cases per 100,000 capita) of all cervical procedures in 2005 and 13% (9.0 cases per 100,000 capita) in 2009, constituting a 60.5% increase, whereas inpatient surgeries increased 8.7% over the same period. 3 The safety of outpatient surgery has been demonstrated in spine surgery. 6, 24 In addition, the facility fees for ambulatory surgery centers are about 70% of those in the inpatient hospital setting.
21 Thus, outpatient single-level ACDF procedures are becoming more common and offer advantages, such as reduced nosocomial infections and costs and improved patient satisfaction.
12,13
Several studies have analyzed outcomes and complication rates for outpatient ACDF, while others have compared inpatient and outpatient ACDF. Four studies were based on an analysis of the American College of Surgeons National Surgical Quality Improvement Program (NSQIP) database. 1, 10, 13, 16, 18, 19, 21, 25, 29, 32, 34, 36 Here, we conducted the first single-institution, singlesurgeon comparison of outcomes between inpatient and outpatient ACDF with the advantage of diminishing the discrepancies that can arise from differences in the experience, technique, treatment protocol, and expertise of different surgeons. Like other authors, we analyzed 1-and 2-level surgeries, but we also evaluated patients who had undergone 3-and 4-level surgeries. For the first time, 3-level surgery was established as a standard procedure in the outpatient setting. The goal of this retrospective study was to evaluate and compare outcomes, complication rates, and costs between inpatient and outpatient ACDF procedures done by a single surgeon. We also reviewed the literature comparing outcome parameters between inpatient and outpatient ACDF.
Methods
After obtaining study approval from the appropriate hospital institutional review board (Baptist Memorial Hospital/Semmes Murphey Clinic), we evaluated the records for all patients who had undergone first-time ACDF for cervical radiculopathy and/or myelopathy due to degenerative disc disease and/or cervical spinal canal stenosis. Over a 13-year period (from June 1, 2003 , to January 31, 2016), surgeries were performed by the senior author, who used a standard anterior approach from the left side. Fusion was achieved using cadaver allografts (Medtronic Inc.) with the Vision Elite titanium plate and various screws (Medtronic Inc.). Operative reports, hospital and outpatient clinic charts, and radiographic studies were independently reviewed by 2 individuals. Differences in findings were adjudicated during a review conference that included all authors.
The patients were categorized into 2 groups: those who had undergone ACDF as an outpatient procedure (sameday discharge) and those who had undergone surgery in the metropolitan area hospital (inpatients) with a minimum 1-night stay (overnight stay). General indications for the procedure were pain that had not resolved with conservative therapy (pain medication and at least 8 weeks of physical therapy) and the presence of neurological deficits. The decision to perform surgery in either the inpatient or outpatient setting was based on several indicators, most importantly, the presence of comorbidities and the type of health insurance. Patients who had Medicare were admitted to stay overnight. Furthermore, older patients (age > 65 years) and patients with comorbidities who had a preoperative American Society of Anesthesiologists (ASA) physical status classification of III or IV stayed overnight. Patients who went home on the same day were observed for up to 6 hours postoperatively and were followed up via phone interview for 4 postoperative days.
Outcomes for all patients were evaluated with respect to the following parameters: age, sex, length of stay (LOS), preoperative and postoperative pain (both from self-reported questionnaires), number of levels fused, fusion, and complications, as well as the presence of risk factors, such as increased body mass index (BMI), smoking, and diabetes mellitus. Outcomes for the inpatient group were compared with those for the outpatient group. A cost analysis was also done for both groups.
Statistical Analysis
Data were recorded using descriptive statistical methods. The Mann-Whitney U-test was used to compare samples. The chi-square test and Fisher's exact test were used to assess differences between groups. The level of significance was set at p = 0.05. Statistical analysis was performed using MedCalc Statistical Software version 14.12.0 (MedCalc Software bvba).
Results

Overall Patient Characteristics
Overall patient characteristics are summarized in Table  1 . The median follow-up was 25 months (SD 5.63, range 11-56 months).
Age and Sex
Overall, 1123 patients were operated on, 485 (43%) of whom were men and 638 (57%) of whom were women. The median patient age was 50 years (Fig. 1) .
Risk Factors
Overall, 172 patients (15.3%) had diabetes mellitus, which affected patients equally by sex. Three hundred eighty-nine patients (34.6%) used tobacco; among these patients, there were significantly more men (192, 17% of overall group; p = 0.002, Fisher's exact test). According to anthropometric measurements, men were significantly taller and heavier, but there were no significant differences between the sexes in terms of BMI characteristics.
Pain
Each patient's pain level was assessed using a self-administered, self-reported visual analog scale (VAS) before and after surgery (Fig. 2) . Preoperative pain was significantly higher in women (median 8, IQR 7-9) than in men (p < 0.001, Mann-Whitney U-test; Table 1 ). Both men and women had a significant reduction in pain after surgery (p < 0.001, Wilcoxon test).
Levels of Surgery
Overall, 40.5% of patients underwent 1-level surgery, 34.3% 2-level, 21.9% 3-level, and 3.2% 4-level (Table 1) .
Fusion
Fusion was assessed with lateral radiographs of the cervical spine during follow-up visits and was recorded when it occurred. A fusion was considered solid when osseous trabeculae were seen to bridge the disc space on the lateral radiograph 30 and there was no motion on standard flexion and extension lateral spine radiographs. An independent were nonsmokers and inpatients. Three patients underwent additional surgery because of nonunion, 1 patient had a ventral revision, and 2 patients underwent additional posterior fusion. These patients were not double counted in the study.
Complications
Complications, including nonunion, occurred in 40 patients (3.6%; Table 2 ). Seven patients (0.62%) who developed significant temporary swallowing problems postoperatively were included in the complication rate even though the problem was resolved conservatively during follow-up. Major complications were defined as any septic, cardiac, pulmonary, or cerebrovascular complications, as well as deep vein thrombosis, pulmonary embolism, or a return to the operating suite.
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Despite these complications, all patients had a significant reduction in preoperative pain after surgery (p < 0.001, Wilcoxon test; Table 2 ). The most common complication was infection in 11 patients (0.98%), followed by hematoma in 9 (0.80%), Horner syndrome in 5 (0.45%), nonunion in 5 (0.45%), lower plate-screw breakage in 2 (0.18%), and screw pullout in 1 (0.09%). The 9 patients with neck hematomas were returned to the operating room. Two outpatients had a same-day reoperation for the hematoma (2-level and 4-level ACDF, respectively), and 3 others (3-level, 3-level, and 2-level ACDF, respectively) were operated on 3, 6, and 6 days after the initial surgery, respectively. Outpatients with neck hematomas were not counted as inpatients in our analysis. Four inpatients developed postoperative hematomas (3-level, 3-level, 1-level, and 4-level ACDF, respectively). They were operated on 1, 4, 6, and 7 days after the initial surgery. Overall, complications occurred in 1.8% of patients who underwent 1-level surgery, 2.8% who had 2-level surgery, 5.7% who had 3-level surgery, and 19.4% with 4-level surgery. Significantly more complications occurred in patients who had 3-or 4-level surgery (p < 0.001, chi-square test; Table 2 ). Patients with complications had significantly greater postoperative pain (median VAS score 1, IQR 0-3; p = 0.039, Mann-Whitney U-test).
Inpatient and Outpatient Characteristics and Outcome Comparisons
Length of Stay
A total of 560 patients (49.9%) were discharged home on the same day (Table 3 ). Of the remaining 563 patients (50.1%), 510 (90.6%) remained in the hospital for only 1 night and 96.27% left the hospital within 3 days. Only 21 patients stayed in the hospital 3 nights or more. Patients were kept in the hospital for medical reasons. The 2 longest LOSs for the inpatients were 10 days (infection) and 18 days (postural hypotension).
General Patient Characteristics
The general characteristics of both groups are shown in Table 3 . There were significant differences in baseline characteristics and comorbidities between outpatients and inpatients. Because of the Medicare mandate, the inpatient group was older (53 vs 47.5 years, p < 0.001). Significantly more men remained in the hospital for 2 or more nights (p = 0.010, chi-square test). The 2 groups showed no differences in height, weight, or BMI. Younger patients went home the same day (p < 0.001, Mann-Whitney Utest) more often than the older patients. The older patients having surgery on 1-3 levels stayed in the hospital significantly longer (p < 0.001, chi-square test). Those having 4-level surgery showed no significant differences in age according to the LOS.
Smoking did not affect the LOS after surgery. There was a higher rate of diabetes mellitus in the inpatient group. Of the 172 patients with diabetes (15.3% of the overall group), 109 (63.4% of all patients with diabetes) stayed in the hospital significantly longer (p < 0.001, Fisher's exact test).
Levels of Surgery
The number of fused levels differed between the inpatients and outpatients. Among the inpatients, 209 (37.1%) underwent 1-level surgery, 188 (33.4%) had 2-level surgery, 136 (24.2%) had 3-level surgery, and 30 (5.3%) had 4-level surgery.
In the outpatient group, 1-level surgery was the most common (246 patients [43.9%]). Level C5-6 was the most common surgical site. Two-level surgery was performed in 198 patients (35.4%), 3-level surgery in 110 (19.6%), and 4-level surgery in 6 (1.1%). One-and 2-level surgeries were performed significantly more often in the outpatient setting, whereas 3-and 4-level surgeries were performed more often as inpatient procedures (p < 0.001; Figs. 3-6 ).
Pain
Preoperative pain in the inpatient group was signifi- cantly lower on the VAS scale than that in the outpatients (p < 0.001). In both groups, pain was significantly reduced after surgery (p < 0.001, Wilcoxon test) with no significant differences between the groups.
Complications
The complication rate was 4.1% in the outpatient group and 3.0% among the inpatients. There was no statistically significant difference between these 2 groups (p = 0.339; Fig. 7 ). Significantly more complications occurred in patients having 3-or 4-level surgery than in those having 1-or 2-level surgery (p < 0.001, chi-square test). Following 1-and 2-level surgeries, outpatients had more complications than the inpatients, whereas after 3-level surgery inpatients had significantly more complications. Four-level surgery patients showed no difference in the number of complications between inpatient and outpatient groups (p = 0.044). A total of 1.76% of patients who had undergone 1-level surgery and 2.85% of patients who had undergone 2-level surgery experienced complications. Nine patients had neck hematomas (5 outpatients and 4 inpatients).
Reoperations
A total of 27 patients (2%) were reoperated on during the follow-up for adjacent-segment disease. Those surgeries were not double counted as primary procedures. Eleven patients underwent posterior surgery, and 16 underwent anterior surgery. Sixteen patients had adjacentsegment disease above the level of the initial ACDF, and 11 patients had adjacent-segment disease below the ACDF level.
Costs
To minimize the reimbursement collection bias, we compared data for the year 2015, including only commercial insurance carriers. Data were obtained from the chief financial officers of the outpatient and inpatient institutions separately. The average facility reimbursement collections for commercial insurance ACDF procedures were calculated by dividing total commercial insurance reimbursements for 2015 ACDF cases by the number of cases done that year. These reimbursements were for the operating room, instrumentation, anesthesia (excluding physician fees and facility costs), observation/hospital room, imaging, and pharmacy expenses. This calculation was done both for inpatient and for outpatient institutions, and the results were compared.
In the outpatient setting, the average reimbursement for treatment of an individual patient was $18,095. In the inpatient setting, the average reimbursement per patient was $24,492. The average difference in commercial insurance reimbursement was $6397 in favor of the outpatient group. In other words, reimbursements for the outpatient group were 74% of those for the inpatient group.
Distribution of Cases: Timeline
After the senior author joined the practice (2003) and after the inauguration of the outpatient surgery center mained relatively stable (after 2009) in terms of both the absolute number of cases done per year and the inpatient/ outpatient ratio (Fig. 8) .
Discussion
To our knowledge, this is the first retrospective singlesurgeon, single-institution study of patients who had undergone ACDF in which the outcomes were compared between outpatient (same-day discharge) and inpatient (overnight stay) surgery. This is also the only study to evaluate clinical outcomes (pain reduction), radiological outcomes (fusion), and complication rates between the 2 groups. Furthermore, this is the first study to compare costs for both inpatient and outpatient procedures. Finally, this study establishes for the first time the safety of performing 3-level ACDF as an outpatient procedure.
In a literature review of PubMed, MEDLINE, and the Cochrane databases using the keywords "inpatient ACDF" and "outpatient ACDF," we identified a total of 12 peer-reviewed articles that compared different outcome parameters between inpatient and outpatient ACDF. 1, 10, 13, 16, 18, 20, 21, 25, 29, 32, 34, 36 Four of these papers were multicenter propensity score-adjusted retrospective or prospective cohort studies of the NSQIP database. 10, 13, 18, 21 Five studies were retrospective; 1 was prospective. Two studies were retrospective analyses of the National (Nationwide) Inpatient Sample (NIS) and/or the inpatient and ambulatory databases of 4 states (California, Florida, New Jersey, and New York). A summary of these studies is featured in Table 4 .
In the study by Villavicencio and colleagues, the outpatient data were analyzed retrospectively and compared with a historical cohort developed from a meta-analysis.
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When we exclude the 4 cohort studies of the NSQIP database 10,13,18,21 and the study of Purger et al., 25 our study is second to that of Adamson and associates in number of patients and is the only single-surgeon, single-institution study on ACDF to date. The studies by Silvers and colleagues 29 and Liu and associates 16 had fewer than 110 patients each, which makes their results difficult to compare with the results of our study. The studies of Stieber et al. 32 and Trahan et al.
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-which compared complication rates only between inpatient and outpatient ACDF-were included in our literature review, although these studies also had fewer than 120 patients each, which again makes comparison with our study difficult.
Inpatient and Outpatient Characteristics and Risk Factors
In our study, the inpatient group was older (53 vs 47.5 years, p < 0.001), and there were no differences in BMI between the outpatient and inpatient groups. This finding was comparable to those in most other studies, although our inpatient group was a bit younger than the inpatient group in the study by Adamson and colleagues (53 vs 56 years). 1 The inpatient group in their study was older than the outpatient group, as was true in other studies. 10, 13, 16 In a multicenter study by McGirt and associates, the inpatient group was older and consisted of more males and more patients with comorbidities, such as diabetes, 21 which is consistent with our results. Although we found no differences between our inpatient and outpatient groups according to sex, significantly more male patients stayed in the hospital for 2 or more nights. The reason for this remains unclear. A possible explanation is that significantly more men were smokers. Furthermore, according to anthropometric measurements, the men were heavier, although there was no significant difference in BMI. Current data from the literature show that male sex portends a better ACDF outcome, relating this finding to greater muscle strength and endurance. 22 In a recent study, female sex was identified as one of the factors contributing to an increased LOS following ACDF. 2 The retrospective nature of that study, given its low complication rate, does not exclude the possibility of a confounding bias when it comes to influence of sex on outcome. Unlike other studies, we did not analyze propensity scores to account for all of the differences that may have served as potential confounders. But because of our single-institution, single-surgeon study design and the fact that there were no differences in sex, smoking, and BMI between the inpatient and outpatient groups, we can state that these parameters had very little or no effect on the outcome. A recent study by Martin and associates analyzed risk factors that influence the outcome of inpatient and outpatient single-level ACDF. 18 An ASA physical status class III or IV, current dialysis, current corticosteroid use, recent sepsis, and operative times longer than 120 minutes were each independent risk factors for complications in the multivariate analysis. After propensity score matching to control for comorbidities, there were no significant differences in the complication rates between inpatients and outpatients, and outpatient treatment was not a risk factor for complications in the multivariate analysis. This result is consistent with the findings of McGirt and associates, who showed that an ASA class III or higher, chronic steroid use, hypertension, and male sex were risk factors for postdischarge complications.
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Smoking did not affect the complication rate, nonunion rate, or LOS after surgery in our study. Luszczyk and colleagues found no statistically significant difference in fusion status between smokers and nonsmokers who had undergone a single-level ACDF with allograft and a locked anterior cervical plate.
17
Diabetes is one of the most common comorbidities in patients undergoing ACDF.
1 In our study, there was a higher rate of diabetes mellitus in the inpatients, and the patients with diabetes stayed in the hospital significantly longer. This finding is consistent with a recent retrospective analysis of prospectively collected data from the NSQIP, which associated insulin-dependent diabetes with increased total LOS.
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Levels of Surgery
In the outpatient group, significantly more patients had 1-and 2-level surgeries, whereas inpatients underwent 3-and 4-level procedures more often. This was an expected observation corroborating data in the literature. Fu and colleagues showed that outpatients are less likely to undergo multilevel surgery.
10 A recent multicenter meta-analysis of outpatient ACDF revealed that nearly two-thirds of outpatients underwent single-level fusion with virtually none undergoing ACDF at 3 or more levels, as well as an overall complication rate of 1.8%. 19 Our study is the first to establish 3-level surgery as a standard procedure in the outpatient setting given that one-fifth of our outpatient cohort had 3-level surgery; all other studies have concentrated on 1-and 2-level surgeries.
Fusion
Nonunion occurred in 5 of our patients (0.45%). Two outpatients and 3 inpatients had pseudarthrosis. Two were treated with bone stimulators, and fusion occurred over 6 and 8 months' time, respectively, and was confirmed on CT scanning. Three patients underwent reoperation. The use of anterior cervical plating has been suggested to increase arthrodesis rates and decrease subsidence, making allograft an attractive option. For instrumented 1-level fusions, Samartzis and associates reported 100% arthrodesis with intervertebral cage allograft compared with 90.3% arthrodesis with autograft, although the difference between the two was not statistically significant. 26 In another study, the fusion rate was 100% in the allograft group and 90.3% in the autograft group, again with no statistically significant difference (p > 0.05). 15 The largest meta-analysis so far showed a fusion rate of 92.1% for ACDF. 9 The cases in studies by Silvers and associates 29 and Liu and colleagues 16 were noninstrumented, and Adamson and colleagues did not specify which graft was used for fusion. 1 Fraser and Härtl showed that, regardless of the number of levels fused, the use of an anterior cervical plate system significantly increases the fusion rate. 9 Our experience of a high rate of fusion utilizing bone allografts corroborates this finding.
Complications
In our series, complications occurred in 3.6% of patients, with no significant difference in the complication rate between outpatients (4.1%) and inpatients (3.0%). Our complication rates are slightly higher than those in some previous studies comparing the outcomes of inpatient versus outpatient ACDF, yet they are lower than the complication rates reported by Fountas et al. 7 and Stieber et al. 32 There are 2 main reasons for this. First is our inclusion of nonunion (long-term complication) and temporary swallowing difficulties as complications. Excluding these complications would lower our rate of permanent complications to 2.5%. Second, previous studies analyzed either 1-or 2-level ACDF or mostly 1-and 2-level ACDF with only a small number of 3-level surgeries. Nonetheless, in our series, the rate of complications in both settings was relatively low and no deaths were observed. In addition, we were fortunate not to experience any vascular, esophageal, nerve, or dural injuries. In our study, 21.9% had 3-level surgery and the results showed that the complication rate is generally higher for 3-and 4-level surgery than for 1-level and 2-level surgery (p < 0.001, chi-square test). Furthermore, patients undergoing 3-level ACDF had significantly more complications in the outpatient setting than in the inpatient setting, whereas the findings were opposite for 4-level ACDF. The reliability of these differences is questionable, however, given the small number of cases. In the literature, multilevel ACDF has been shown to have an increased complication rate, and the rate rises with the number of segments fused. 14, 35 Overall, 1.8% of patients who had undergone 1-level surgery and 2.8% of those who had undergone 2-level surgery experienced complications. Outpatient 1-level surgery had a complication rate of 2%, and 1-and 2-level outpatient surgery together had a rate of 3.16%, which is comparable to the findings of McGirt and associates. 21 For 1-and 2-level surgery, 3 studies of the NSQIP database showed a lower rate of postoperative complications in the outpatient cohort, 10, 13, 21 while the study by Adamson and associates, 1 like ours, showed that all 90-day surgical morbidity was similar between outpatient and inpatient cohorts for 1-and 2-level ACDF. A recent 12-year nationwide inpatient analysis and 10-year single-state outpatient analysis of more than 250,000 total patients who had undergone 1-and 2-level surgery indicated that outpatient ACDF may yield fewer perioperative complications than inpatient ACDF, including durotomy, hematoma, paraplegia, respiratory complications, and anemia. 20 This same study reported that ACDF performed on an outpatient basis was 19% less likely to result in an intraoperative durotomy and 86% less likely to result in a postoperative hematoma or seroma. These findings may be attributable to potential reporting bias between inpatient and outpatient centers given that hospitals (unlike ambulatory centers) are incentivized to report comorbidities and complications. 20 Another potential explanation may be the significantly greater proportion of Medicare patients in the inpatient group since Medicare patients are more likely to have medical problems and associated comorbidities and to require longer hospitalizations.
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A major factor contributing to the reluctance of surgeons to perform ACDF in the outpatient setting is the potential complication of airway compromise as a result of airway swelling or postoperative hematoma. But this complication is almost always recognizable within the first 4 hours after surgery, well within the time frame of perioperative observation in the ambulatory surgery setting. 21 Our study included 9 patients with postoperative hematomas who underwent revision, and there were no permanent deficits. Close monitoring of outpatients for 6 hours postoperatively and then close daily follow-up via phone interview for 4 postoperative days allowed for the detection of all patients with this complication in a timely fashion. Fountas and associates, 7 who analyzed the complications of ACDF, postulated that the development of isolated postoperative dysphagia was the most common complication (9.5%), followed by postoperative hematoma (5.6%), symptomatic recurrent laryngeal nerve palsy (3.1%), dural penetration (0.5%), esophageal perforation (0.3%), Horner syndrome (0.1%), instrumentation back-out (0.1%), and superficial wound infection (0.1%).
Our rates for the 2 most common complications reported in the literature were significantly lower, with only 0.8% of patients developing hematoma and 0.62% developing swallowing difficulties. Wound infection (0.98%) and Horner syndrome (0.45%) occurred at a slightly higher rate. The slight increase in wound infections could be a result of the associated comorbidities, which make patients more prone to developing infection. Because of this potential, we now universally apply vancomycin 1 hour before surgery in an attempt to decrease or eliminate this complication. Compared with the results of Adamson and associates, 1 we had a greater number of neck hematomas, which needed revision surgery (3 vs 9), and more infections (3 vs 11), but none of our patients needed exploratory surgery to correct the swallowing difficulty (as opposed to 16 patients in the Adamson cohort). Silvers et al. 29 and McGirt et al. 21 did not report neck hematoma as a complication, whereas Liu et al. 16 described it as a complication in 1 patient in their cohort. Khanna et al. 13 reported 0.5% of inpatients with bleeding as a postoperative complication, as well as 0.6% of inpatients and 0.3% of outpatients with surgical site infection. In the 30-day morbidity analysis by Martin and associates, 18 there were 5 deaths. Furthermore, the same study described, among other complications, postoperative surgical site infection in 0.48% of patients, unplanned intubation in 0.4%, and wound complications in 0.6%, with a reoperation rate of 1.2% in the first 30 days following ACDF. 18 In the study by Khanna and colleagues, 0.2% of inpatients and 0.1% of outpatients died. 13 Several groups of investigators have concluded that ACDF can be safely performed in the outpatient setting with a sufficient postoperative observation period of up to 4 hours. 11, 16, 27 Our protocol further increases postoperative observation to 6 hours, adding an additional layer of safety. Numerous studies have verified the safety of outpatient ACDF surgery. 3, 4, 6, 19, 24, 28, 33, 34, 36 The procedure performed in an ambulatory setting is not inferior to inpatient surgery in terms of mortality, 30-day emergency department visit rates, 30-day readmission rates, and 30-day reoperation rates and is less costly than inpatient ACDF in terms of actual costs and 90-day bundled charges. 25 Nonetheless, a recent risk-complication analysis of studies on cervical spine surgery performed in ambulatory surgery centers has revealed that at least some of these studies demonstrated an inherent conflict of interest and did not report major morbidity and mortality rates for outpatient procedures in a nonbiased way, which must be considered.
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A study by Silvers and associates comparing outpatient versus inpatient ACDF in 103 consecutive patients showed equal complication rates (2%) in both groups. 29 Similarly, a study by Liu and colleagues involving 109 patients did not show any significant differences in outcomes between outpatient and inpatient groups. 16 McGirt and associates also verified the safety of outpatient ACDF, with those who had undergone outpatient ACDF having 58% lower odds of experiencing major morbidity and 80% lower odds of a return to the operating room within 30 days. 21 Villavicencio and associates evaluated outpatient and 23-hour admissions for ACDF and plating (ACDF+P) and compared their numbers to those in a historical cohort treated as inpatients, finding no difference in the complication rates. 36 Another study showed that among 1-level and 2-level ACDF cases, the rate of any postoperative complication was significantly lower in the outpatient group than in the inpatient cohort. 10 Our study strongly supports the findings of other authors who assert that the risk of complications is not higher in the outpatient setting than in the inpatient setting.
Costs
The increased use of outpatient ACDF instead of inpatient ACDF represented a way to decrease payers' costs by more than $100 million in 1996. 29 Adjusting for the utilization of ACDF in 2012, the cost savings may be as high as $400 million annually. 21 While an acute care episode is the largest contributor to the cost of spine surgery, the greatest variability in cost occurs with the wide range in complication rates, hospital readmissions, and reoperations during the post-acute care period. 21 The recent study of Purger et al. 25 revealed that actual costs associated with the initial operation, as well as 90-day cumulative charges (charges associated with the initial surgery plus all emergency department visits, hospital readmissions, and revisits to ambulatory surgery centers), were significantly lower for outpatient ACDF than for inpatient ACDF. Overall charges were significantly lower for ambulatory ACDF ($33,362.51 vs $74,667.04, p < 0.0001).
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Limits of This Study
The limitations of this study include its retrospective design, our inability to exclude its selection bias, and the relatively short mean follow-up period (slightly more than 2 years). This single-surgeon experience may limit the ability to generalize results to the entire population undergoing ACDF. Furthermore, patients with cervical radiculopathy cannot be differentiated from those with myelopathy, and outcomes can differ in these 2 patient populations.
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Conclusions
Anterior cervical discectomy and fusion is safe to perform on an outpatient basis for 1 or 2 levels, with a high rate of successful fusion and pain reduction, a low complication rate, and no deaths. Three-level ACDF can also be performed as a standard procedure in an outpatient surgery center with close monitoring. Close follow-up should be done for at least 6 hours postoperatively with the drain in position. Additional consideration needs to be given to patients with comorbidities, such as diabetes mellitus. To decrease the cost of care, surgeons can safely consider performing ACDF in an ambulatory surgery center. The comparable clinical and radiological outcomes and the same complication rates for inpatients and outpatients may favor performing ACDF procedures in the outpatient setting, whenever medically and logistically possible, to lower costs.
